Little is known about the blood concentrations of catecholamines in the fetus. For some years it has been known that catecholamines can be detected in the adrenal glands of the fetus. WEST et al. [14] reported that noradrenaline is predominant over adrenaline in fetal ages in contrast with the pattern of adult ages, and that the former is also detected in larger amounts in the extramedullary chromaffine tissues, which are the so-called "paraaortic tissues". In WEST'S studies, approximately 90% of the catecholamines in both the adrenals and the paraaortic tissues were found to occur äs noradrenaline before 70 days of postnatal life. On the contrary,GREENBERG and LIND [7] reported that adrenaline and noradrenaline were found in approximately equal amounts in the adrenal glands of early fetuses, when determined by fluorescent techniques. Accordingly, it was considered of interest to study the pattern of blood catecholamine concentrations in fetal ages and compare it with the pattern in adult ages. It has also been reported by several workers that asphyxia in experimental animals causes striking increases in secretions by the adrenal medulla. Thus, one might logically expect an increased production of catecholamines in fetal distress. Indeed, this is precisely one of the major problems beingfacedby the obstetrician or the paediatrician.
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Methods
For the purpose of this study two groups of infants were selected. Group l comprised 30 normal fulltenn infants born in a satisfactory state without episode of fetal distress. Their mothers had no personal, or family history suggestive of endocrine or metabolic diseases, and their pregnancy was uncomplicated. The infant's weight varied from 2,800-3,800 g, the average being 3,300 g, and their APGAR scores were between eight and ten. Group 2 included asphyxial infants whose APGAR scores were between five and seven. The mothers of both groups had no complications before or during pregnancy. Blood samples were drawn immediately after delivery from the umbilical artery of their mother. Four newborn babies out of 15 distressed ones required umbilical catheter insertion. Blood samples were drawn from the umbilical catheter 3, 13, 8, 48 hours after birth, respectively. The blood samples were collectedinto bottles each containing 5 ml of a 2% sodium fluoride and 3% sodium thiosulphate solution s a preservative and anticoagulant. The plasma was separated s soon s possible after the sampling, and if subsequent purification could not be effected immediately, it was st red at freezing temperatures overnight. Catecholamines were estimated by the trihydroxyindole method [13] . The essence of the procedure for simultaneous fluorometric determinations of adrenaline and noradrenaline in the blood is s follows: adrenaline and noradrenaline are isolated from the plasma by adsorption on alumina in a weak alkaline solution and then by elution with acetic acid. They are oxidized to adrenochrome and noradrenochrome with manganese dioxide, respectively. They are rearranged with sodium hydroxide to adrenolutine and noradrenolutine which, on Irradiation with the ultraviolet light, give yellowish green fluorescences. The fluorescences were measured with a photofluorometer (the model UM-S; Shimadzu Seisakusho, Kyoto).
Results

Catecholamine concentrations in normal infants
Catecholamine concentrations in the plasma of infants and their mothers, measured in unit of μg/l, are shown in Table 1 . Adrenaline levels in the^ plasma of normal infants were shown to be higher than those in the plasma of their mothers. Especially, adrenaline levels in the umbilical artery were more than twice s high s those in the maternal femoral artery (P < 0.01). Twenty-six mothers had a mean adrenaline level of 5.4 μg/l in the plasma, with a Standard deviation of 3.9 μ%1\\ while the mean adrenaline concentrations in the umbilical vein and artery were 7.0Mg/1 and 11.2 μg/l with Standard deviations of 5.8 μg/l and 6.3 respectively (Tab. I).
Noradrenaline levels in thirty cases are also shown in Table l . There is an apparent increase in noradrenaline concentration in the umbilical artery by more than twice, when compared with the concentration in the mother's femoral artery (P < 0.01). Twenty-six mothers had a mean noradrenaline level of 9.8 ±4.1 μg/l in the plasma, while the mean noradrenaline concentration in the umbilical vein was 16^g/l,with a Standard deviation of 7.6 μ §/1, and the mean noradrenaline concentration in the umbilical artery was 20.2 μg/l, with a Standard deviation of 8.6 μg/L Catecholamine concentrations in the cord blood, especially those in the umbilical artery, were shown to be higher than those in the maternal artery.
Catecholamine concentrations in asphyxial infants
The Catecholamine values in fifteen asphyxial infants with APGAR scores between four and seven can be compared with those in normal full-term infants. The values are shown in Tab. II. In all cases but one, blood levels of noradrenaline were found to have been elevated, though blood levels of adrenaline had been unchanged or slightly elevated. The mean concentrations of noradrenaline and adrenaline were 6.96 ± 4.36 μg/l and 46.1 ± 16.35 μg/l, respectively, It is clear that the noradrenaline concentrations in the asphyxial infants were almost twice s high s those in the normal infants, whereas no significant increase was detected in the concentration of adrenaline.
Catecholamine concentrations in distressed newborns during neonatal period
In all of the four distressed newborns, noradrenaline concentrations in the blood remained elevated for several hours after birth. The concentrations are giveninTab.III.
Discussion
In the normal group, adrenaline was found present in the umbilical vessels in considerably large amounts. Catecholamine concentrations in the umbilical vessels, especially those in the umbilical artery, wäre found to be higher than those in the matemal artery. The differences in catecholamine concentrations strongly suggest the capability of the fetal adrenal medulla and sympathetic nervous system to secrete catecholamines in response to the stress of labor. It has been known for some years that catecholamines in the adrenals are detectable during the fetal life. WEST et al. [14] reported that the fetal adrenals contain little adrenaline, and that noradrenaline accounts for 90% of the catecholamines. GREENBERG and LIND [7] , not in agreement with Wesfs findings, discovered that noradrenaline and adrenaline are present in approximately equal amounts in the adrenal glands of fetuses. Our studies seem to support the latter's report since large amounts of adrenaline were detected in the umbilical artery. It has been well known that the pituitary-adrenocortical system plays an important role in the process of adaptation. Owing to this, many studies have been devoted to the mechanism of this endocrine system in fetuses and newborn infants. GEMZELL [5] has found a significant difference between the umbilical cord 17-hydroxycorticosteroids in normal vaginal delivery and those in delivery by caesarean section. Since caesarean sectiori is considered easy delivery for the fetus, äs compared to vaginal delivery-which is a strong stresser to the fetus delivered, the difference in the plasma 17-hydroxycorticosteroids mentionedabove indicates the responsiveness of the fetal pituitaryadrenocortical system. KAWAHARA [10] also found the same tendency between 174iydroxycorticosteroids in normal vaginal delivery and those in delivery by forceps, suggesting that the application of forceps is a stronger stresser to the fetus than normal vaginal delivery. GRASSI and MANESCHI [6] , were found by CHISCI and BELLORA [2] under similar conditions. 'All the above-mentioned studies suggest the capability of the fetal and neonatal pituitary-adrenocortical system to respond to stressful Stimulus. Thus, it seems likely that not only the fetal adrenal cortex but also the adrenal medulla responds to the stress of labor; and the newborn are able to adapt themselves to the new environment. In the asphyxial babies, a strikingincrease of noradrenaline secretion was found, and it seemed surprising that the adrenaline concentration in their blood was almost the same äs that of the normal infants. It was also found that thereis no difference between catecholamine concentrations in their mothers and those in mothers who delivered normal infants. BRUNDIN [1] was the first to find the release of catecholamines by the fetal main paraaortic body of the rabbit. He showed that severe asphyxia elicited marked losses of catecholamines from the paraaortic bodies. HERVONEN and KORKALA [8] achieved similar results after exposure of the fetal paraganglia to lowered oxygen concentrations. By using perfusion techniques, they found a definite decrease in the intensity of the catecholaminespecific fluorescence in the paraganglia. l COMLINE et al. [3] exhaustively studied the relation between changes in the composition of fetal blood and the release of catecholamines by the adrenal medulla during asphyxia in the fetal lamb. Great changes in the foetal blood P02,PC0 2 , pH and lactic acid concentration occurred after induction of hypoxia. The adrenal medulla also reacted directly to asphyxia with a secretion which contained a high proportion of noradrenaline. This high proportion of noradrenaline continued to be secreted throughout the entire period of asphyxia and is the most distinguishing feature of the response of the foetal lamb to the asphyxia. Although the reasons for the high proportion of noradrenaline secretion ramain unknown, the following surmise may be made: firstly, it may be attributed to the relatively high proportion of noradrenaline content in the fetal medullary chromaffine tissue [14, 7] and secondly, it may in part be due to the preponderance of the extramedullary chromaffine tissue over the medullary chromaffine tissue in the fetal life. A structual difference in development is reported to be present between the medullary chromaffine tissue and the extramedullary chromaffine tissue. The former is scanty and immature in the fetal life, and the latter develops earlier than the adrenal medulla [14, 4, 9] . This extramedullary chromaffine tissue appears to be a source of higher noradrenaline Output in fetal distress. During the neonatal period, an elevated noradrenaline secretion was detected in all four distressed babies. Apart from the blood concentrations, urinary concentrations of noradrenaline and adrenaline were determined in six distressed and sixteen normal newborns [11] . Noradrenaline Output in the urine was found to be elevated in the group of distressed newborn infants. On the contrary, no statistically significant difference in adrenaline Output was found between the two groups. This high concentration of urinary noradrenaline found in the distressed group might result from the activation of the chromaffine cell system in response to metabolic acidosis and in good agreement with our data found in distressed newborn infants.
Summaiy
Immediately after delivery, the plasma catecholamines were investigated in the femoral arterial blood of mothers and in the umbilical venous and arterial bloods of their infants. Catecholamines were estimated by the trihydroxyindole method. In the first group consisting of normal full-term infants, maternal levels of adrenaline and noradrenaline were 5.4 ± 3.9 Mg/1 and 9.8 ± 4.1 Mg/1, respectively. Umbilical venous levels of adrenaline and noradrenaline were 7.0 ± 5.8 Mg/1 and 16.3 ±7.6 Mg/1; and umbilical arterial levels of adrenaline and noradrenaline were 11.2 ± 6.3 Mg/1 and 20.2 ± 8.6 Mg/1, respectively. Catecholamines in the cord blood, especially those in the umbilical artery, were shown to be higher than those in the maternal artery. This might be attributed to many factors, but the most probable factor is the excitation of the adrenal medulla during parturition. These results suggest that the fetal medulla and sympathetic nervous System already begin to secrete catecholamines before birth. In the second group which comprised distressed infants with APGAR scores between five and seven, noradrenaline concentrations were found to be significantly elevated except in one infant, although adrenaline concentrations were unchanged or slightly elevated. This response may be due to the direct effects of hypoxia on the noradrenaline cells. The distressed newbom babies during the neonatal period also had noradrenaline concentrations which were more than twice äs high äs those of normal newborns. Thus, noradrenaline was found to be the dominating amine discharged by the fetal and neonatal chromaffine tissues during distress.
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